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NOTICE '
UNITED STATES PATENT OFFICE SECRECY ORDER

A patent application has been ‘lued in the U,S. Patent Office by North

American Aviation, Inc. based upon subject mattér included herein or
related hereto, and the Secrecy Order appended hereto has been issued
thereon pursuant to Title 35, UnitedStates Code (1952) Sections 181-188,
Further dissemination of said subject matter is prohibited except in
strict compliance with said order. The recipient of this document is
requested to notify all persons who will have access tothis material of
the Secrecy Order. Penalties for violation of a Secrecy Order include

a fine of up to $10, 000 or imprisonment for not more than two years,.

or both,

DEPARTMENT OF COMMERCE
- United States Patent Office

Washington

SECRECY ORDER

NOTICE: To the applicantabove named, his heirs, and any and all
his assignees, attorneys and agents, hereinafter designated principals;

You are hereby notified that your applicationas above identified has
been found to contain subject matter, the unauthorized disclosure o which
might be detrimental tothe public safety or defense, andyouare ordered
in nowise topublishor disclose the invention or any material information
withrespect thereto, including hitherto unpublished details of the subject
matter of saidapplication, in any wayto any person not cognizant of the
invention prior to the date of the order, including any employee of the
principals, but to keep the same secret except by written permission first
obtained of the Commissioner of Patents, under the penalties of 35 U.S,C.
(1952) 182, 186,

Any other application which contains any significant part of the subject
matter of the above identified application falls within the scope of this
order. If such other applicationdoes not standunder a secrecy order,
itand the common subject matter should be brought to the attention of the
Patent Security Division, Patent Office.

If prior to the issuance of the secrecy order any significant part of the
subject matter has been revealed to any person, the principals shall
promptly inform suchperson of the secrecy order and the penalties for
improper disclosure.

This order should not be construed in any way to mean that the Govern-
ment hasadopted or contemplates adoption of the alleged invention dis-
closed in this application; nor is it any indication. of the value of such
invention.

DEPARTMENT OF COMMERCE —
United States Patent Office

Washington

PERMIT A

Anorder of secrecy having been issued in the above-entitled applica-
tion by the Commissioner of Patents, the principalsas designatedin sajd
order are authorized to disclose the subject matter to any person of the
classes hereinafter specified if such person is known to the principal dis-
closing to be concerned directly in an official capacity withthe subject
matter, providing thatall reasonable safeguards are taken to otherwise
protect the invention from unauthorized disclosure. The specified
classes are:--

(a) Anyofficer or employee of any department, independent agency

or bureau of the Government of the United States.

(b) Any person designated specifically by the head of any depart~

ment, independent agency or bureau of the Goverpment of the
United States, or by his duly authorized subordinate, as a
proper individual to receive the disclosure of the above indi-
cated application.

The principals under the secrecy order are further authorizedto dis~
close the subject matter of this application to the minimum necessary
number of persons of known loyalty and discretion, employed by or work-
ing with the principals or their licensees and whose duties involve co-
operation in the development, manufactureor use of the subject matter
by or for the Government of the United States, provided such persons
are advised of the issuance of the secrecy order.

The provisions of this permit do not inany way lessen responsibility
for the security of the subject matter as imposed by any Government
contract of the provisions of the existinglaws relating to espionage and
national security.

First Assistant Commissioner
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- FOREWCORD

‘This report was prepared in compliance with the requirements for the

National Aeronautics and Space Administration Contract, NAS 81001,

Investigation of Engine-Component Integration Study. Technical monitors

have been the Liquid Propulsion Systems office at NASA headquarters and

the Engine Systems branch at the Marsha]l Space Flight Cent.er. ‘
ADSTRACT
(Unclassified Abstract) \'\(l

The analyses and results of the investigations conducted under the National -

heronautics and Space Administration Contract, NAS 8-L001, Investlgamon

of Engine-Component Integration Study, are summarized in this report.

Component concepts for functional and packaging integration were investi-
ga{.ed for spacecraft and boosters. Spacecraft)propellan_t combinations
considered were Op/Hp, Fp/Hp, and N30)/MoHj,=UTIH(50-50); booster propellants
were 02/Hp and OQ/PEE’-;l. .Evaluations were made of a number of system concepts,

with and without turbopumps. Preliminary-design layouts were made of the

more~promising concepts. _ , o
o | | C fnTHR

:,‘."\ i
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INTRODUCTION

'J.'he superior simplicity and reliability of pressure-fed systems are
frequently the reasons for their selection in applications which®
would otherwise suggest the use of pump-fed systems. Examples of

such applications are those wherein small propuls:.on-system volumes
and/or long firing durations are desirable (or required), but the
additional requirements of maximum simplicity and reliability preclude

the use of typical pump-fed systems,

This study was initiated to investigate methods of making pump=fed -
systems more competitive with the simplicity of Vp’ressure-fed‘ Systems, |
and to investigate other concepts which could possess the desirable

characteristics of both pump-fed and pressure-fed systens, but would

- not necessarily use conventional methods of pumping,
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OBJECTIVES AND SCOFE

The general objective of this study has been to evolve system concepts
wl_mich could possess, in some measure, the"high-chamber-pressure cap=
ability (smell envelope) of pump-fed systems, and yet be simpler and

‘more reliable than existing pump-fed systems., The primary mechanism
which was to be used to effect this objective was component intégration -

both physical integration and functional integration,

More specifically the objective was to evolve systems which, because of

their more efficient use of volume; possess greater operational-sime

plicity, lower weights, and higher reliabilities than can be attained

by conventional pump-fed systems,

Concepts to be investigated were to be applicable to advanced booster
systems using 103/LH> and 102/RP-l; and to spacecraft systems using
L0p/LHp, LFa/LHp and Np0),/NoH)~UDMH(50-50) as propellants. Spacecraft

systems were to be considered for both conventional and advanced nozzles,

The more=promising syétem a.nd/qr corponent concepts were to be selected

for preliminary design and layout,

FORM 608-8 (LEDGER) REV. 1-58
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GENERAL METHOD OF APPROACH

The general method of approach was to‘ i‘irst minimize system complg:d.ty
through functional analysis and integration, and then to:inve'stigate
methods of physically integrating the required components. Emphasis
for this latter phase waé on ‘component }integration; however, component
inbegration cannot be completely separated from syé’oem integration, |
-so a part of this effort has consisted of system integration, i.e.,

definition of the over=all engine configuration,

" The functional analysis and integration effort consisted, in party.. .

of compiling operational data on a largé number of e;d.sting pump-fed
propulsion systems, and arranging these data into a “mox;phoj.dgical'
charb‘(Figﬁre 1 ). The purpose of this chart is twofolds (1) It
provides a simple means of manipulating existing concepts ta form =
novel combinations which migh£ prove to be significantly better thaLn 5
existing configurations, and (2) It is an aid in evolving novel concepts, .
vfor if indicates what is inherent in a pump-fed system, and what is
Just a function of some particular design. | | The 'headings' to the extreme
left of the chart indicate there are esser;tially three things that all:
pump-fed syétems require, namely, a feed system, an ignitioﬁ .'sy”Stem;,

and a control system, Thus, éffqrt on the evolution of new :'concepta

. should be directed at‘novel methods of performing these three basic

functions,
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The investigation of conceptsk possessing the desirable characteristics

~ of both pump-fed and pressure-fed systenms, but not using conventioml

pumping methods, was similarly directed.
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MORE-PROMISING CONCEPTS

The more-promising concepts have been selected in three categories:

(1) Systenm concepts with turbopumps

(2) System concepts without turbopumps

(3) Component concepts |
Most Aconcepts were evolvéd for specific propellants and thrust levels
(spacecra.ft or booster) s however, their use is noi necessarily restricted
to these applications. The appl:.cabllity of each concept to all proe
pellants and thrust levels within the scope of this program has been cone-
sidered, and the conditions required for applicability in the various .'

areas are indicated,

The more-promising system concepts were selected on the basis of ratings

for operational simplicity, weight, and reliability (see Vol, II).

SYSTEM CONCEPTS WITH TURBOPUMPS

The selected functional configurations for systems using turbopumps are
discussed below, The discussion includes system operational charactere
istics and advantages, as well as preliminary-design layouts of possible

engine~-system packages,

_ FORM 608.8 (LEDGER) REV. \-58




A DIVISION OF NORTH AMERICAN AVIATION. INC.

.

Spacecraft

Figure 2 contains schematics of the selectéd functional spacecraft  :
systems for the followivng‘ propellantss | |
(1) 02/H2 (system 101)
(2) Fo/H2 (sysbemVZOI)

(3) NTO/50-50 (system 307)

All of these systems deﬁve much of their simplicity from the use of
propellant-actuated valves, and the thrust chamber tap-off concept for
a2 turbine power source, The. use of proﬁellant.—actuated valﬁes has
been proven ixsing non=cryogenic fluids (for example, Rocketdyne's H-i |
’ ) engine), This method of actuation ror cryogenics is novel and provides
a significant simplification for systems wherein both propellants are

cryogenic. |

A brief description of the operational sequence for system 101 is given

below; operation of the other systems is similar,

The primary events in the ‘start sequence for system 101 are as ioi;l.owa: .
| L (1) Electﬁcal start signal opens the nommally closed stﬁrt-
ténk valve (STV) , and closes the normally open oxidizer cute
off valve (OCV)
(2) Gas from the start tank accelerates the turbopumps and

pressure starts to buildup in the main lines,
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Notes

To/%e
Maltiplewstart
Ron~throttlesble

System 201

Spacecraft System Schematics

Figure 2

D " System 307
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- (3)

(k)
(5)

(6)

)

)

(1)

Main fuel valve (MFV) is opened by fuel pressu_ré in’ the
main line; the igniter-oxidizer valve (mecha.'tﬁ.calijtr‘.l"
linked to the main fuel valwve) is opened; lines start
to prime, and propellants start to burn in the cat-
alytic ignition~chamber,

Ignition stage is achieved,

Ignition-stage chamber-preséure opens the main oxidizer
valve, and chamber pressure starts to rise.

Pressure switch (PS) in the tap-oif line is actuated
by the pressure from the chamber indicating the sYst.ém
is ready to bdotstrap; actuation of this switch (which
is elsctrically linked to the start-tank valve) de-
energizes (closes) the start-tank valve (STV), |

The system bootstraps, and mainstage ensues.

The start-tank is refilled irom the thmst-chamber cooling

Jacket.

The cut=off sequence iss

Cut-off signal de-energizes two solenoid valves: the

oxidizer cut-off valve (OCV), and the start-tank valve;

" the latter was already de-energized by the pressure switch

in the tap~off line, but this additional open switch in
the circuit is required to prevent the valve from opening
when the pressure switch is deactuated by, decaying tap-

off pressure,
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(2) De-emrgizihg the OCV sends oxidizer to the closing

‘ porté of the MOV, thus closing it, |

(3) Chamber pressure deca&s, and the main fuel valve closes;
cut-off is.effected, |

Figures 3 and ) contain typical, integrated, over=-all spacecraftvengine

Corifigurations.

The systems shown in Figure 3 are represehtative of low-thrust (approx-
imately LO K advanced-nozzle, spacecraft engines, Figure 3 (a) is for
systems using dualeshaft turbopumps, for éxa.mple , 02/Hp or Fo/Ho' systems;
Figure 3 (b) is for systems using single-shaft turbopumps, for example,
NTO/50-50 systems, Figure I shows representative configurations for

the same type engines using bell chrust chambers,

The 02/H2 spacecraft systems (multiple-start) have a simplified ignition
éystem based on the use of a catalytically ignited mixtﬁre of 0p/Ha.

The 02/H2 :igniter flow is passed through a catalyst pack whereupon it
ignites, thus providing an ignition method for the main flow wlﬁch

approaches the simplicity of hypergolic systems,

The NTO/50-50 systems are further simplified by use of a novel start

method, namely, & stored-gas spin-start system using stored gases which

are obtained from the thrustechamber tap-oif line during engine operation. -

10
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Results of the starl:-sys’oem‘ analysis conducted as a part of this program
indicate this is a feasible method of achieving a multiple-start capa-

bility for NTO/50-50 systems (see Vol, II).

Boosters

Schematics of the selected funct.ionél booster systems which are for
the 0p/Hp (system 103) and 0p/RP-1 (system LO1) propellant combinations

are shown in Figure § ,

These syétems are similar to the spacecraft systems in that the use of
propellant-actuated valves and the tap-off concept are the primary

factors contributing to system simplification,

The operational sequences for systems 103 (O2/H2) and LO1 (02/RP-l) are
similar, These sequences are very much like that for system 10l; the
notable differences are: '(1) a solid-propellant gas-generator is used
to start the turbopump(s) instead of stored gas, (2) ignition is accom=
plished using a hypergolic slug instead of catalytic ignition, and
(3)'.the oxidizer cut-off valve is a pyrbtechnic valve rather than a
solenoid valve, _'I'he;se differences result from the fact that only one

start is usually required for booster épplication.

Figure 6 shows representative configurations for high-thrust (approx-
imately 6M), integrated, over-all engine configurations; both concepts.

utilize the aerodynamic-spike advanced-nozzle concept (Ref, 1 ).
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'ssrsiem cohfi‘glration‘s "

Figure 6 (a) ié for é. single turbopump, single-shaft pump sjsﬁén_n (Oé/BP-I)g
whereas Figure 6 (b) is for a miltiple turbopump (L), d\;al-éhgft pump
system (03/H2)e It should bé noted that the optiminh number of pumps has’
hot been determined for either of these propellant combinaﬁions as a

part of this program, The numbers of pumps for the systems shown in
Figure 6 were selected arbitrarily with tﬁe intent being to cént_xfast

single-pump and multiple-pump system-configurations,

To recapitulate, it has been shown in this section how the following .
could be functionally integrated, and packaged into compact engine
(1) Thrust chamber and turbine-drive power source (tap-;oif); R
(2) Ignition system and main-propellant system (catalytic
ignition - = Op/Hy systems), |
(3) Valve-actuation system and 'main-propeilanf. systeh
(propellant actuated valves, especially those actuated
with eryogenic. fluids), |
(L) System valves (through use of mechanical and fluid inter-
connections wherever possible), and N
(5) Start system and steady-state turbine-drive system (tap-

off gas-spin start - - NIO/50-50 systems). '

16
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SYSTEM CONCEPT WITHOUT TURBOPUMPS

Part of this study was directed at 'evolving concepts having high-chamber
pressure capability, but not having the comple:dty usually'associatec-i
with the use of turbopumps. 4s used above, high chamber pressure

means higher than wouid be practical for a conventional pressure-fed
system. A number of such concepts was investigated and evaluated; the

most promising of these is the pulsing engine,

Pulsinz Engine

The pulsing engine is a pressure-fed, high chamber-pressure, low tanke- : .
pressure, pulsing engine, The primary features of the engine are check
valves near the injector, and main propeliant-valves (Figure 7 (a))., The
check valves are sized so a "large™ amount of propeilant flows into

the chamber before chamber ﬁressure builds up enough to close the check
valves, The propellant burns a.nd the chamber pressure builds up to a
large value (considerably greater than tank pressure) which closes the
check valves, Chamber pressure decays, the check valves opén, and the
cycle vis repeated, This configuration probably represents the simplest
form this concept could assume, A sligh'tly.less simple configuration,
Figure 7 (b) should be easier to test and develope. This configuratioix
operates in a similar fashion; the only difference being that propellant

flow is regulated by an electrically actuated valve, The latter system

17
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Pulsing Engine Schematics

Figure 7
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was used in making a payload comparison with a pressure-fed system
(see Vol, II). The results of this comparison indicate the pulsing -
engine has a small payload advantage (appro:dmate_ly 2.5¢ for AV = 10,000

f.p.s.) and a substantial size advantage, Figure 8,

Although it is difficult to assign a meaningful reliability to this
concept because of its novelty and the lack of applicable iest data, ine
dications are that it should be significantly more reliable than a

conventional pump-fed system,

COMPONENT CONCEPTS

A number of component concepts has been evolved and evaluated, The
more promising of these are:
(1) Propeliant-actuated valves (especially for systenms
wherein both propellants are cryogenic).
(2) A concept for integrating multiple-poppet 'rnaix;x-
propellant valves in injectors,
(3) A “three-leg" gimbai system which integrates the gimbaling

device, thrust structure, and propellant ducts.

19
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Cryogenic-Actuated Valves

Figures 9 and 10 contain layouts of some propellant-actuated valve
configurations; these configurations i_mpiement the functional integra-
tion discussed avove (see Vol, II for operational detaiis); the valves
in Figure 9 were evolved for an Oé/HQ system, those of Figure 10 for an

NTO/50-50 system,

Multiple-Poppet Main-Valves

The selected multiple-poppet main-propeilant valve concept (Figure 11})
is more advantageous for large engine-systems, that is, systems having
propellant flowrates large enough that use of a single valve for each .
propellant could present serious packaging and propellant-distribution
problems, In addition to the advantages of compactness and simplicity,
these valves have no low~leakage dynamic seals, The only real seal is
a static seal, (§) Figure 11(a); leakage around the poppet is simply
returned to the pump-inlet through the pilot manifold., The poppets

are held closed by main-line propellant pressure at (Figure 11(a) )
and the spfings. Venting the pressure at allows the same pressure

at @ to open the valves., |

21
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(b)

(a)

- PropellantwActuated Valves, 0p/Hp

" Figure 9
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Three-LegﬁGimbdl,

The "three-leg gimbal® concepﬁ integrates the gimbal beéring, thrust
structure, and propellant‘inlet ducts as shown in Figure 12. This

places the gimbal point closer to the'engine center of gravity, thus
reducing the recquired aétuator loads, It should also be lighter and>

more compact than the components it replaces,

As shown, the "three-leg" gimbal utilizes the "canted"™ bellows concept.

- This concept éllows a flexible joint in a propellent line to bend about

axes other than those perpendicular4to_£he;propellann-line axis, This
concept is discussed further in the section on suggested additional

work,
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Three-leg Gimbal Installation

Figuie 12
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SUGGESTED ADDITIONAL WORK

The potential advantages associated with the use of several of the
ﬁore-promising concepts described above are atiractive enbugh to warrant
further analytical and/or experimental investigations to verify their
feasibility, and to obtain better estimates ofbtheir potential, Brief
outlines are presented below for investigations that would help estab-
lish the value of a number of these concepts, These concepts afe:
(1) Actuation of main-propellant valves using cryogenic
fluids,
(2) Use of stored tap=-off gases for gas-spin start of
NTO/50-50 multiple-start systems
(3) "Three-leg" gimbal system
(L) Pulsing engine
The outlines presented are intended to describe general approaches to
the investigation of these concepts that would uhcover any majorvshort~
comings as quickly as possible, That is, the intent has been to outline

efficient, modest-cost, investigation programs for these concepts.

CRYOGENIC~-ACTUATED VALVES

Using a non=-cryogenic main-propellant to actuate valves has proven
to be a simple and reliable methoa of actuation for Rocketdyne's Hel

engine, The same advantages apparently exist for valve actuation with
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cryogenic propellants. Rocketdyne's use of a small cryogenic-actuated
control valve has been successful; however, this valve is too small and .

its actuation str_oke too short to make extrapolation of this success to

' cryogenic-actuated main propellant valves reasonable.

- Investigation 6! gryogenic-actuated main valves is ideally suited to a

program apart from the devqlopment'of a complete propulsion system. The
reason for this is that despite the advantages of the concept, there is
enought uncertainty about its applicability to a completé propulsion

syStem to make its inclusion as part of a proposed system preniature.

A combined analytical and experimental program to evaluate this concept '
woﬁld be di.recf.ed at answering the following qugstions:_

(1) Can valves be satisfactorily actuated using cryogenics‘f,

(2) If the valves must be pre-conditioned before actuation, is

the required pre-conditioning practical in a system application?

The over-ail objectives of the investigation could be to formlate an
analytical ﬁodel of cryogenic-actuated valves, and to conduct a 1imited
experimental invesiigation for use in developing and/or verifyinéthe
validity of the model. Ultimately the model could be extended to the
analysis of complete systems using cryogenic~actuated valves. Such a
model should be useful in determining whic_h.cryogenic fluids could be
use& for valve actuation. It could also provide the design information

required for efficient design of this type of valve.
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The experimental portion of the investigation could initiaily céhSist
of the re-design and testing of an existing propellant-aétuated valve,
s0 it could be ecryogenic-actuated. This could provide a comparétively
rapid means of getting an indication of whethervor hbt cryogenic-actua-
tion has peculiar problems. This testing could also provide initial

data points for development of the analytical model.
TAP-OFF GAS SPIN-START

Stored thrust-chamber tap-off gases could provide an extremely simple

means of restarting an NTO/50-50 spacecraft system. This system would

extract fuel-rich gases from the thrust chamber and store them in a
-pressure bottle for use in a spinning the turbiﬁe(s)‘for the next start.
Thé Start-system analysis conducted during this program indicated this
concept is feasible for started tap-off gases that have cooled to tempera-
tures as low as 70°F (See Vol. II). This 70°F temperature requirement
can probably be accoﬁmodated without special'provision, since other
factors may well require sucﬁ a temperature énvironment for the vehicle
and/or propulsioﬂ system. Further work is required to substantiate
these results because this analysis was based on assumptions regarding
the properties of the gases after an extended storage time which may
not be valid. It was assumed that the gas composition after storage
(and cooling) could be determined by extracting heat from the gases in

their initial state and determining the new thermochemical equilibrium

composition.
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Additional vork on this concept should consist of a determination of
the true gas properties for variéus -storé,ge conditions, and Athe formu-
lation of & detailed start model to clearly define the conditions under
which the concept should be used.

. THREE-LEG GIMBAL

Use of the “three-leg" gimbal concept allows ready ihtegration of the
gimbal system and propellant inlet ducts while placing the gimbal center
close to the propulsion-system-center~of-gravity (thus r_et_lucing gimbal-
actuator loads). In additién, iﬁ could provide a more efficient distxr-i-r |

bution of thrust to the propellant tanks,

Additional work on this concept should consist of dynamical studies to
determine the significance of the reduction in actuator loads resulting

from the favorable location of the gimbal center, and fabrication of a

model for demonstration of feasibility. Effort on this model could also

serve to investigate the "canted" bellows concept. Although the "canted®

bellows has been used during this program primarily as a part of the

- Mihree-leg® gimbal system, it is apparent that its use could substantially

simplify some inlet-duct configurations -for systems using conventional

‘gimbaling methods..
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The purpose of the canted beliows is to allow a flexible joint in a
propellant line to bend about axes other than the ones perpendicular
to the line axis. Figure 13(a) shows a conventional bellows and line
arrangement, The propellant-line and torque-resisting axis is Y-Y,

The propellant line can .bend about axis A-A and B-B without rotating
one half of the line relative to the other, The bellows acts as a
constant-velocity universal-joint. Assume it is desired to keep the
same bending axes A-A and B-B and torque-resisting axis Y=Y, but change
the propellant line axis to X-X as shown in Flgure 13(b). This config-
uration allows the propellant line to be rotated relative to the torque=
resisting axis Y-Y, The bending and torque-resisting axes can now be
set up independent of the direction oif the propellant line, thus allowing

greater packaging freedom,

The bellows shown in Figure 13(b) are comparatively large. To reduce
the bellows size, the canted bellows shown in Figure 13(c) are used,
These bellows combine the smooth propellant flow and small size of the

Figure 13(a) bellows and the packaging freedom shown in Figure 13(b). -
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PULSING ENGINE

A pulsing engine (especially with hypergolic propellanté)is potentially |
more reliable and smaller ﬁhan.a comparable conveﬁtional ﬁump-fed
system, Shouid it prove feasible at a reasonable performance level, it
could truly provide a system having the more desirable features of both

pressure-fed and pump-fed systems, |

A further iﬂvestigation of this concept should be directed at the primary
unknowns associated with the concept. Tﬁese are: (1) combustion perfor- .
mance for pulsing operation, (2) injector-cooling during pulsing operation
with high chamber pressures and little or no coélgnt fiow, and (3) feed

system and valve dynamics.

The combustion performance investigation could consist of designing and
testing low thrust (less than 1000 pounds) injectors to define high-
performing configurations.. A primary problem would be achieving high
performmance with a low enough injector pressure-~drop to keep the tank

pressure low,

Injector cooling while there is no propellant flow during pulsing will

probably require novel concepts in injector cooling,
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Should promi.sing results be obtained in the above twb areas, analytical

and design efforts could be initiated to consider feed-system and valve

dynamics, and valve design; . These efforts would define system_and valve

configurations for various thrust ievels. Novel valve coﬁcept.s nia& be

iequired for the larger thrust levels because of the valve cycle-rates
' required. | | -
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REVIEW OF OTHER CONCEPTS

A brief review is presented below of some of the other_cohcepts considered

and/or evaluated, but not selected as being among the more promising ones,

These are the more interesting of the concepts that were not selecteds A

complete
sumnary.
(1)

(2)

(3)

(L)

listing of the concepts considered is presented in the Vol, II
The concepts discussed below ares

"Tap-ofi‘ end plates =-=- a method of extracting turbine-

drive gases from large toroidal combustion chambers,
Cartridge turbopump concept =—= a modular approach to

the packaging of multiple~turbopump systems,

Integrated turbine-spin start-system ~-- a highlye
:in’oegrated bi-propellant start-system package for an
NTO/50-50 syst.em,'

A tubular spherical combustor for low-thrust annular

engines which could be used for thrust-vector control.

TAPCFF END PLATES

The tap-off end plate (Fig. 1lli) is a concept for extracting turbine-drive

geses from a toroidal combustion chamber, It is particularly applicable

to large~thrust engines where it could be used to join the segments of a

segmented toroidal-combustor as shown in Fig. § (b). Thus the tep-off

gases would be removed from the end plates thereby eliminating the need
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~ for a collector manifold along the length of tﬁe chamber, As shown in

Fig. 1k, the end plates could include\fuelb injectors to reduce the

local mixture ratio for turbine operation; or shoula it be desirable_ to
minimize circumferential gas movement in the combustor, the end plates

couid contain both fuel end oxidizer injectors, with the propellants injected
at the énd plates being sufficient for turbine operation. A brief comparison
of end plate and other tap;off concepts for toroidal combusters has been

made (see Vol, II),

CARTRIDGE TURBOPUMPS

The "cartridge®™ concept of component integration and packaging is widely
used for valves and similar components. Tne object of this method of
packaging is to allow components to have common structural elements,
therebj reducing the package size and we:.gh The extension of this cone
cept to the packag:mg of turbopumps as shown in Fig, 15 provides similar
benefits; in addition it is adaptable to modular packag:mg for multiple-

turbopump configurations, Fige 16,

BI~-PROPELLANT START-SYSTEM .

The integrated turbine-spin étart-sys’oem, Fig. 17, is a highly-integrated,
bi-propellant (NTO/50-50) start-system. This compact package includes:

propellant start-tanks; gas-generator combustor; closely integrated
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injector and propellant valves; combined propellant valves and check
valves to prevent tap-off gases from flowing into the start system during
steady-state operation. This type of start-system could be used, if the

.tap-off gas spinestart concept should prove infeasible,

TUBULAR SPEERICAL-COMBUSTOR

The tubular sphericalecombustor, Figure 18, is an extension of the tubular
toroidal-corbustor concept to a spherical configuration. As shown in
Fig. 18(b), this concept may be usable for thrust vector control. The

concept may berespecially éppiicable to low=thrust anmlar engines.'
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(1) Martinez, A., et al, Aerodynamic Nozzle Study, Rocketdyne Report
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